A major reason for colorectal cancer (CRC) chemoresistance is the enhanced migration and invasion of cancer cells, such as the cell acquisition of epithelial-mesenchymal transition (EMT). Long non-coding RNA (lncRNA) metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) has been considered as a pro-oncogene in multiple cancers. However, the precise functional mechanism of lncRNA MALAT1 in chemoresistance and EMT is not well known. In the present study, we focused on the effect of oxymatrine on CRC cells and further investigated the role of MALAT1 in oxymatrine-induced resistance and EMT process. The human CRC cell line HT29 was exposed to increasing doses of oxymatrine to establish stable cell lines resistant to oxymatrine. The established HT29 oxymatrine resistant cells showed an EMT phenotype including specific morphologic changes, enhanced migratory and invasive capacity, and downregulation of E-cadherin protein expression. Subsequently, high-throughput HiSeq sequencing and RT-qPCR showed that lncRNA MALAT1 was significantly upregulated in the oxymatrine resistant cells (P<0.01), while knockdown of MALAT1 partially reversed the EMT phenotype in HT29 resistant cells. Furthermore, oxymatrine treatment suppressed the migration and invasion ability of CRC cells, however, this effect was significantly reversed by overexpression of MALAT1. Finally, we investigated the clinical role of MALAT1 and found that high lncRNA MALAT1 expression level is associated with poor prognosis in CRC patients receiving oxymatrine treatment (P<0.01).
Introduction
Colorectal cancer (CRC) is one of the most general malignant cancers in digestive system, which has high morbidity and mortality. It is the second-and third-most commonly diagnosed cancer in females and males, respectively (1, 2) . Metastasis is the major cause of death for patients with CRC and increases the risk of tumor recurrence (3) . The mainstay first-line cytotoxic treatment of patients with metastatic CRC (mCRC) consists of a fluoropyrimidine in combination with the alkylating agent oxaliplatin or the topoisomerase I inhibitor irinotecan (4) . However, nearly all patients develop drug resistance. Understanding the mechanisms that lead to resistance is essential for improving chemotherapeutic efficiency (5) .
A major reason for CRC chemoresistance is the enhanced invasion and metastasis of cancer cells, such as the cell acquisition of epithelial-mesenchymal transition (EMT) (6, 7) . Revealing the underlying mechanism and finding new therapeutic and prognostic targets are necessary for developing effective therapies for CRC patients. Sophora flavescens Ait, a traditional Chinese herb, has been used as folk medicine for many diseases (8) . Oxymatrine is the principal component of Sophora flavescens Ait, which is frequently prescribed in traditional Chinese medicine. It has a great effect on antiinflammation, anti-arrhythmia and anti-fibrosis of cells (9) . Importantly, current evidence indicates that oxymatrine plays an important role in antitumor process in different cancers including CRC (10) (11) (12) . However, there is no research focusing on the oxymatrine resistance and oxymatrine-induced EMT in CRC.
Long non-coding RNAs (lncRNAs) are most commonly defined as RNA transcript of >200 nucleotides (nt) and located in nuclear or cytosolic fractions with no protein-coding capacity (13) . Recent studies discovered that long non-coding Chronic oxymatrine treatment induces resistance and epithelial-mesenchymal transition through targeting the long non-coding RNA MALAT1 in colorectal cancer cells RNAs (lncRNAs) play an important role in multiple biological processes including cell development, differentiation, proliferation, invasion and migration (14, 15) . The metastasisassociated lung adenocarcinoma transcript 1 (MALAT1), is an lncRNA located on chromosome 11q13 and was first found as a predictive biomarker for metastasis in the early stage of nonsmall cell lung cancer (16) . Subsequent studies reported that lncRNA MALAT1 expression was an independent prognostic parameter and had a role in cell migration and EMT processes in bladder, renal and gastric cancer, and CRC (17) (18) (19) (20) .
In the present study, we focused on the effect of oxymatrine on CRC cells and further investigated the role of lncRNA MALAT1 in oxymatrine-induced resistance and EMT. We revealed that chronic treatment of oxymatrine-induced resistance to oxymatrine and an EMT phenotype in HT29 cell lines. High-throughput HiSeq sequencing showed that lncRNA MALAT1 was significantly upregulated in the oxymatrine resistant cells, while knockdown of MALAT1 partially reversed the EMT phenotype in HT29 resistant cells. More importantly, lncRNA MALAT1 was correlated with oxymatrine treatment response in clinical samples.
Materials and methods
Patient samples. Fifty-eight cancer and paired adjacent noncancerous tissues (male/female, 38/20; range of age, 41-75) from primary CRC patients were collected at Longhua Hospital and First Affiliated Hospital of Zhejiang University between 2010 and 2012. All the patients were pathologically confirmed and received standard FOLFOX (5-fluorouracil combination with oxaliplatin and leucovorin) chemotherapy regimens and oxymatrine adjuvant therapy. They were classified according to the WHO criteria and staged according to the tumornode-metastasis (TNM) classification. In total, 21 cases were well-differentiated, 25 cases were moderately differentiated and 12 cases were poorly differentiated. According to the TNM classification, 5 cases were considered stage I, 20 cases were stage II, 23 cases were stage III and 10 cases were stage IV. The tissues were collected immediately after they were obtained during the surgical operation, and then stored at -80̊C to prevent RNA loss. All the patients were pathologically confirmed, and the clinical samples were collected before chemotherapy was started. Tumor recurrence was confirmed through computed tomography and evaluated according to Response Evaluation Criteria in Solid Tumors (RECIST) criteria. The present study was approved by the Institute Research Ethics Committee at the Cancer Center of Longhua Hospital and informed consent was obtained from each patient.
Cell culture. Human CRC cell lines HT29 and SW480 were obtained from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China) in 2014. All CRC cell lines were maintained in RPMI-1640 (Thermo Fisher Scientific, Wilmington, DE, USA) containing 10% fetal bovine serum (FBS; HyClone, Thermo Fisher Scientific, Victoria, Australia) at 37̊C in a humidified 5% CO 2 atmosphere.
Development of oxymatrine resistant cell lines. Oxymatrine was obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). HT29 oxymatrine resistant cell line was developed by exposing parental HT29 cells to an initial dose of 0.1 mg/ml oxymatrine in RPMI-1640 plus 10% FBS. The surviving population of cells was grown to 80% confluence for 3 passages over 6 weeks. The cells that survived initial oxymatrine treatment were then exposed to 0.5 mg/ml oxymatrine for 3 passages (8 weeks), and then 1.0 mg/ml for 3 passages (8 weeks). Finally, the concentration of oxymatrine was increased to 2 mg/ml and were continuously cultured in 2 mg/ml oxymatrine, unless otherwise indicated.
RNA extraction. A TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used to extract the total RNA from primary tissues and cell lines. The extracted total RNA was eluted in 20 µl nuclease-free water and the RNA concentration was measured by NanoDrop 2000 (Thermo Fisher Scientific). The samples with A260/A280 nm ratios between 1.8 and 2.0 were used for further experiments.
cDNA library construction and HiSeq sequencing. Total RNA from HT29 oxymatrine resistant and parental cells was extracted as described above. cDNA library construction and sequencing were performed according to previously described methods (21) . Briefly, after extraction of total RNA, ribosomal RNA was separated to isolate as much ncRNA as possible. RNA containing poly(A) was then removed. RNA fragments were broken into short fragments randomly. The first chain of cDNA was generated using RNA fragments as templates and 6-bp random primers. Second chain of the cDNA was synthesized according to the kit instructions (Takara Co., Ltd., Dalian, China). After purification, end repair, base A and sequencing joint adding, the generated cDNA was fragmented using uracil-N-glycosylase (UNG). cDNA fragments were chosen according to size, then PCR amplification was performed to establish the complete sequencing cDNA library. lncRNAs were sequenced using the high-throughput, high-sensitivity HiSeq 2500 sequencing platform (Illumina, Inc., San Diego, CA, USA). The HiSeq sequencing process and subsequent data analysis were performed by KangChen Biotech (Shanghai, China). FastQC software was used for quality control of the pretreated data.
Cell transfection. The small interfering RNA (siRNA) that specifically target human lncRNA MALAT1 were designated as siMALAT1 (GeneChem Corp., Shanghai, China). The si-Negative Control_05815 (siN05815122147) was obtained from RiboBio (Guangzhou, China). The MALAT1 overexpression plasmid (pMALAT1) or control vector (pVector) was purchased from RiboBio (Guangzhou, China). Forty-eight hours after planting CRC cells into 24-well plate, 100 nM of siMALAT1 or pMALAT1 as well as negative controls were transfected into the cells with Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. The sequences of siMALAT1 are as follows: siMALAT1-1 sense, GCAAAUGA AAGCUACCAAU and antisense, AUUGGUAGCUUUCAU UUGC; siMALAT1-2 sense, GCACAAUAUCUUUGAACUA and antisense, UAGUUCAAAGAUAUUGUGC; siMALAT1-3 sense, CUAGAAUCCUAAAGGCAAA and antisense, UUU GCCUUUAGGAUUCUAG.
Quantitative real-time PCR (RT-qPCR).
The cDNA was synthesized from 200 ng extracted total RNA using the PrimeScript RT reagent kit and amplified by RT-qPCR with a SYBR-Green kit (both from Takara Bio Co.) on an ABI PRISM 7500 Sequence Detection System (Applied Biosystems, Foster City, CA, USA) with the housekeeping gene GAPDH as an internal control. The 2 -ΔΔCt method was used to determine the relative quantification of gene expression levels. All the premier sequences were synthesized by RiboBio, and the premier sequences were as follows: MALAT1 forward, GGGTGTTTACGTAGACCAGAACC and reverse, CTTCCAAAAGCCTTCTGCCTTAG; GAPDH forward, GCACCGTCAAGGCTGAGAAC and reverse, ATGGTGGTGAAGACGCCAGT.
Cell proliferation assay. Cell proliferation was quantified using the Cell Counting Kit-8 (CCK-8; Beyotime Corporation, Shanghai, China). Briefly, 100 µl of cells from the different transfection groups were seeded onto a 96-well plate at a concentration of 2,000 cells/well and were incubated at 37̊C. At 48 h or different time points, the optical density was measured at 450 nm using a microtiter plate reader, and the rate of cell survival was expressed as the absorbance. The results represent the mean of 3 replicates under the same conditions.
Cell migration and invasion assays. After transfection, 1x10 5 CRC cells in reduced serum medium (Opti-MEM; Gibco, Grand Island, NY, USA) were placed on the non-coated membrane in the top chamber (24-well insert; 8-µm pore size; Corning Costar Corp. Corning, NY, USA). RPMI-1640 plus 10% FBS, was placed in the bottom wells as chemoattractants. After 24 h, cells that did not migrate were removed from the top side of the inserts with a cotton swab. Cells that migrated through the permeable membrane were fixed in methanol, stained with crystal violet, and counted under a microscope at a magnification of x20 in random fields in each well. For invasion analysis, 100 µl Matrigel (BD Biosciences, Franklin Lakes, NJ, USA) was firstly added onto the bottom of the Transwell chamber before CRC cells were seeded, and the following procedures were the same as migration analysis, except for the invasive cells being analyzed after co-culture for 48 h. Each assay was carried out in triplicate.
Western blotting and antibodies. The primary antibodies were rabbit anti-human E-cadherin antibody (#3195; 1:1,000) and rabbit anti-human β-actin antibody (#4967; 1:1,000) (both from Cell Signaling Technology, Beverly, MA, USA). Horseradish peroxidase-conjugated (HRP) anti-rabbit antibodies (1:5,000; Santa Cruz Biotechnology, Santa Cruz, CA, USA) were used as the secondary antibodies. Cell lysates in 1X SDS loading buffer (60 mM Tris-HCl, pH 6.8; 2% SDS; 20% glycerol; 0.25% bromophenol blue; and 1.25% 2-mercaptoethanol) were incubated at 100̊C for 10 min to facilitate sample loading for conventional western blot analysis. The relative protein levels were quantified using densitometry with a Gel-Pro Analyzer (Media Cybernetics, Rockville, MD, USA).
Statistical analysis. The differences of lncRNA or mRNA expression level between different groups were analyzed by the Mann-Whitney U test or Kruskal-Wallis test. A log-rank test was used to analyze the statistical differences in survival as deduced from Kaplan-Meier curves. Count data were described as frequency and examined using Fisher's exact test.
All differences were regarded as statistically significant when P<0.05. Statistical analyses were performed with GraphPad Prism 5.01 (GraphPad Software, La Jolla, CA, USA).
Results

Chronic treatment of oxymatrine induces resistance in HT29 cells.
It is well known that chemotherapeutic drugs may cause cell resistance and enrich cancer cells with mesenchymal phenotype through eliminating non-mesenchymal phenotype and reducing cell growth (22) . However, it is unclear whether this also applies to Chinese traditional medicine, such as oxymatrine. We treated the HT29 cells with oxymatrine in an increasing concentration manner as described in Materials and methods. As shown in Fig. 1A , an significant enhanced cell survival rate was identified in HT29 oxymatrine resistant cells when compared with the HT29 parental cells. In contrast, the concentration-effect curve indicated that the IC 50 value of oxymatrine on HT29 resistant cells was 16.35 mg/ml, while the IC 50 value of oxymatrine on HT29 parental cells was 1.67 mg/ml, which means that the HT29 resistant cells had 9.79 times the ability of oxymatrine resistance of HT29 parental cells (Fig. 1B) . Notably, when the cells were cultured free of oxymatrine, the cell proliferation rate of HT29 oxymatrine resistant cells significantly decreased when compared with HT29 parental cells (Fig. 1C) .
Acquisition of oxymatrine resistance induces EMT in CRC cells.
After having established the oxymatrine resistant cells, we sought to identify its phenotype. As shown in Fig. 2A , the HT29 oxymatrine resistant cells induced specific morphologic changes consistent with EMT such as increased formation of pseudopodia and loss of cell polarity. Migration assay showed that a significantly increased number of resistant cells were observed to migrate through the collagen membrane compared with parental cells. Similar effects were also observed such as much greater numbers of HT29 oxymatrine resistant cells invading through the Matrigel-coated membrane compared with parental cells (Fig. 2B) . Moreover, expression level of E-cadherin protein was significantly downregulated while vimentin protein was markedly increased in the HT29-resistant cells when compared with the parental cells (Fig. 2C) . Collectively, acquisition of oxymatrine resistance induced a EMT phenotype in HT29 cell line.
lncRNA MALAT1 is upregulated in oxymatrine-resistant HT29 cells. Various studies have indicated that lncRNA may participate in cancer progression and chemoresistance (23) (24) (25) . To identify the potential lncRNAs that may function as stimulators during oxymatrine resistance, we performed high-throughput HiSeq sequencing by extracting the total RNA from HT29 oxymatrine resistant cells and parental cells. The expression of 78 lncRNAs showed >2-fold difference between oxymatrine resistant HT29 and normal cells (Fig. 3) . Among these, 45 lncRNAs were upregulated in oxymatrine resistant cells when compared with normal cells. The lncRNA MALAT1 showed the highest expression as 160.2617-fold higher, followed by LOC646214 and LOC392232. In contrast, there were 33 lncRNAs that showed significant downregulated expression level. Of these, lncRNA LOC100288637 showed the most decreased expression (15.7684 times lower), followed by MAGI2-AS3 and LINC00189 (Table I) . We then performed RT-qPCR to verify the potential differentially expressed lncRNAs, and the results showed that MALAT1 expression was significantly increased in HT29 oxymatrine resistant cells when compared with parental cells, while the other 5 lncRNAs showed no statistical significance (Fig. 4A-F) .
Knockdown of MALAT1 partially reverses EMT of oxymatrineresistant HT29 cells.
After having validated the upregulation of MALAT1 in oxymatrine CRC cells, we evaluated the effect of MALAT1 on oxymatrine resistance. MALAT1 was silenced in CRC cell lines by transfection of siRNA. As shown in Fig. 5A , the knockdown effect was best using siMALAT1-1 compared to siMALAT1-2 and si-MALAT1-3. Thus, we chose siMALAT1-1 for further experiments. Western blot assay showed that the E-cadherin protein expression was significantly increased after transfection of siMALAT1-1, while a concurrent decrease in the expression of vimentin was observed (Fig. 5B) . Moreover, the obtained migration and invasion ability was significantly impaired by MALAT1 knockdown in HT29 oxymatrine resistant cells (Fig. 5C ). However, CCK-8 assay indicated that siMALAT1-1 had no effect on proliferation of HT29 cells after transfection for 48 h (Fig. 5D) . These results indicated that the acquisition of oxymatrine resistance may induce EMT through promoting MALAT1. 
Oxymatrine inhibits the migration and invasion of CRC cells through targeting MALAT1
. Based on the above results, we sought to identify the regulatory role of MALAT1 during oxymatrine treatment in a more direct way. We first determined the expression of MALAT1 in CRC cells treated with oxymatrine. The results indicated that oxymatrine treatment significantly suppressed the Figure 3 . The heat map shows expression of the 78 lncRNAs that showed >2-fold difference between oxymatrine resistant HT29 cells (6 samples) and parental cells (6 samples). The heat map was generated with an R package using normalization across rows (cells). P, HT29 parental cells; R, HT29 oxymatrine resistant cells. expression of MALAT1 in HT29 and SW480 cells (Fig. 6A) . We then determined the effect of MALAT1 on cell migration and invasion, as MALAT1 is reported to be involved in cancer metastasis. As expected, pMALAT1 markedly promoted the migratory and invasive capacity of HT29 cells (Fig. 6B) . In contrast, the migratory capacity of HT29 cells was suppressed when treated with 1 mg/ml oxymatrine for 24 h, however, pMALAT1 partially rescued the inhibitory effect of oxymatrine on cell migration and invasion (Fig. 6C) . To conclude, we demonstrated that oxymatrine suppressed cell migration and invasion through functionally targeting MALAT1.
High MALAT1 expression is associated with poor survival in CRC patients receiving oxymatrine treatment. MALAT1 level was detected by RT-qPCR in 58 CRC patients who received oxymatrine treatment. The results showed that MALAT1 was significantly upregulated in CRC tissues when compared with adjacent non-cancerous tissues (Fig. 7A) . Moreover, the CRC tissues in 65.5% (38 of 58) of cases had at least 2-fold higher expression of MALAT1 (Fig. 7B) . Wµe also analyzed The MALAT1 expression level was analyzed using RT-qPCR and expressed as log 2 -fold-change (CRC/normal), and the log 2 -fold-changes were presented as follows: >1, overexpression (38 cases); <1, underexpression (6 cases); the remainder was defined as unchanged (14 cases). (C) The proportion of patients that experience recurrence was significantly higher in the high MALAT1 expressing group than in the low MALAT1 expressing group. (D) Kaplan-Meier survival analysis showed that patients with high MALAT1 expression was associated with poor overall survival.
the association between MALAT1 level and clinical characteristics, and found that high MALAT1 level was significantly associated with advanced TNM stage (Table II) . We then stratified the patients into a low (n=29) and a high (n=29) MALAT1 expressing group using the median value. The proportion of patients that experience recurrence was significantly higher in the high MALAT1 expressing group when compared with low MALAT1 expressing group (Fig. 7C) . Importantly, Kaplan-Meier survival analysis showed that patients with high MALAT1 expression was associated with poor overall survival (Fig. 7D ). These date verified that MALAT1 participated in the process of oxymatrine function in CRC.
Discussion
Invasion and spread of solid tumors are the major causes of death in patients with colorectal cancer (CRC) (26) . Those patients succumb to their disease mostly for the reason of chemoresistance. Therefore, searching for new therapeutic approaches and targets, and better understanding the pathway related to chemoresistance is essential for improving the prognosis of CRC patients. In the present study, we focused on the role of lncRNA MALAT1 in oxymatrine-induced resistance and EMT and further investigated the inhibitory effect of oxymatrine on CRC cells. We revealed that chronic treatment of oxymatrine induced resistance to oxymatrine and an EMT phenotype in HT29 cell lines. High-throughput HiSeq sequencing showed that MALAT1 was significantly upregulated in the oxymatrine resistant cells and knockdown of MALAT1 partially reversed the EMT phenotype in HT29 resistant cells. Additionally, oxymatrine treatment inhibited cell migration and invasion through suppressing MALAT1 expression. Importantly, we also demonstrated that high MALAT1 level is associated with poor outcome in CRC patients receiving oxymatrine treatment, which further confirmed the regulatory role of MALAT1 in oxymatrine functioning. Oxymatrine has been widely studied for anticancer effects against various cancers, including lung (27) , gastric (28) , pancreatic (29) and breast cancer (30) . However, the potential regulatory mechanism of anticancer effect and resistance to oxymatrine have yet to be fully investigated. In clinical situations, acquired drug resistance and enhanced metastasis frequently follow chemotherapeutic regimens, leading to treatment failure in tumor patients (5) . Despite the extensive research on chemoresistance, the detailed mechanism underlying this phenomenon remains unclear. A major challenge, however, is that only approximately half of the patients obtain an objective response to the regimens, and that partial cross-resistance exist between different drugs (31, 32) . In the present study, we established an HT29 oxymatrine resistant sub-line by treatment with oxymatrine in an increasing concentration manner. The established cells showed a significant elevated anti-oxymatrine ability and downregulated cell growth compared with parental cell line. Additionally, the oxymatrine-resistant CRC cell lines had molecular changes consistent with EMT, which is consistent with the results from previous study (22) . To the best of our knowledge, this is the first study that successfully established oxymatrine-resistant cell line and this cell line showed a distinct EMT change.
Recently, lncRNAs have been widely investigated in various cancers and lncRNA MALAT1 was identified as a critical regulator during cell migration and invasion (33) . More recent studies showed that it may also be involved in chemoresistance. Li et al demonstrated that MALAT1 is associated with poor response to oxaliplatin treatment and mediates oxaliplatininduced EMT process (23). Chen et al found that MALAT1 predicts poor survival in glioblastoma multiforme and induces chemoresistance to temozolomide through suppressing miR-203 and promoting thymidylate synthase expression (34) . In contrast, a study by Yuan et al indicated that MALAT1 may participate in multi-drug resistance of hepatocellular carcinoma via modulating autophagy (35) . However, the role of MALAT1 during oxymatrine treatment is not well known. By performing high-throughput HiSeq sequencing and subsequent RT-qPCR validation, we eventually identified that MALAT1 was upregulated in oxymatrine resistant cells and knockdown of MALAT1 partially reversed the oxymatrineinduced EMT. Moreover, we also revealed that oxymatrine suppressed CRC cell migration and invasion through downregulating MALAT1 expression level. It is interesting that the significantly differentially regulated lncRNAs screened by HiSeq sequencing showed no difference when their expression was measured by RT-qPCR. This may be due to the difference of methodology and sample size. Future studies may be conducted to investigate the function of other potential lncRNAs shown in Table I . Finally, we addressed the clinical prognostic and chemotherapeutic significance of MALAT1 in patients who received oxymatrine treatment. MALAT1 has been reported to be prognostic biomarker and therapeutic target in cancers (24, 36, 37) , however, its therapeutic value has rarely been investigated in a pre-clinical research. We found that MALAT1 was upregulated in CRC tissues, and high MALAT1 level was significantly associated with advanced TNM stage in CRC patients. Importantly, high MALAT1 expression was associated with high recurrence rate and poor overall survival. The data are consistent with our experimental results and further verified the pro-resistant role of MALAT1 for oxymatrine treatment. However, there are some limitations in the present study: i) no control cell lines were used; ii) the applied CRC HT29 and SW480 cell lines were inconsistently used in the experiments; iii) no in vivo experiments were performed to support our interesting in vitro findings.
In conclusion, this is, to the best of our knowledge, the first description of oxymatrine resistance and the resistance-induced EMT. EMT induced by acquisition of oxymatrine resistance could be a possible survival mechanism for CRC cells. Furthermore, we then identified the dysregulated lncRNA MALAT1 that may correlated with oxymatrine resistance. Inhibition of MALAT1 reversed the oxymatrine resistance and EMT, while overexpression of MALAT1 restrained the oxymatrine-induced antimetastatic effect. This pro-resistant role of MALAT1 was further validated in an independent set of CRC patients who received adjuvant oxymatrine treatment. Thus, lncRNA MALAT1 may be a promising therapeutic target in CRC. Suppression of MALAT1 could be a future direction to promote the anticancer effect of oxymatrine in CRC patients.
